This study evaluated the recognition memory and the levels of DNA damage (blood and hippocampus) in undernourished young Wistar rats. The experiment was conducted along 14-week with rodents divided in control group (CG, n=8) and undernourished group (UG, n=12) which was submitted to caloric restriction. Nutritional status for undernutrition was defined by Body Mass Index (BMI) ≤0.45g/cm 2 and by weighting the organs/tissue (liver, spleen, intestine, peritoneal fat, kidney and encephalon). The Novel Object Recognition Test assessed recognition memory and the Comet Assay evaluated the levels of DNA damage. Student t test, 2-way ANOVA and Pearson's correlation analysis were used and the significance level was of p<0.05. The UG showed lower BMI and organ/tissue weights than CG (p<0.001). In shortterm memory, the recognition rate was higher in the UG (p<0.05), only after 4 weeks. In the long-term memory, again recognition rate was higher in the UG than the CG, after 4 weeks (p<0.001) and 14 weeks (p<0.01). The UG showed decreased levels of DNA damage in the blood (p<0.01) and increased levels in the hippocampus (p<0.01). We concluded in this study that the undernutrition by caloric restriction did not cause impairment in recognition memory, however induced DNA damage in the hippocampus.
INTRODUCTION
In the human population, undernutrition affects all nations and its occurrence is extremely high in is characterized by a decrease in the metabolic rate due to a lack of nutrients that are important to life (Molz et al. 2014) , resulting from reduced nutrient intake (Schilp et al. 2011) . Nutritional deficiency may affect several essential metabolic processes and can interfere with genome stability (Mendoza-Núñez et al. 2005) . There is evidence indicating that the reduction in the basal metabolic rate, which would be caused by the decreased rate of cellular oxygen consumption (Masoro 2000) , mitigates DNA damage arising from oxidative stress (Celik et al. 2012) . In animals, a significant increase in DNA damage has been reported to be associated with the undernourished state (Cortés et al. 2001) . However, the mechanisms involved in the relationship between undernutrition, CR and cell damage are not fully understood, particularly in cells of the central nervous system, such as hippocampal cells.
There is also evidence that undernutrition produces behavioral changes. Modifications of functionality in nervous system cells due to nutrient deficiency promote changes in the processes involved in learning and memory (Valadares et al. 2010 ). However, this fact is not fully proven because there are studies that indicate improvement in spatial memory in undernourished rodents (Smart et al. 1976) .
Moreover, there is a lack of studies evaluating the relationship between undernutrition, recognition memory and DNA damage. Therefore, in this study we evaluated the recognition memory and the level of DNA damage (blood and hippocampus) in undernourished Wistar rats.
MATERIALS AND METHODS

Ethical aspEcts and animals
The procedures adopted in this study followed the guidelines for the care and use of animals according to the Brazilian regulations for animal studies (Law No. 11794/1999) and were approved by the Animal Ethics Committee of the University of Santa Cruz do Sul (Protocol 05/2011).
We used 20 male Wistar rats (21 days of age), weighting 54.2±10.00 g from the Central Laboratory of Animals of Federal University of Santa Maria (RS, Brazil). The rats were kept in individual cages, under a twelve-hour light/dark cycle, at 22±3ºC and 60% of humidity.
ExpErimEntal dEsign and diEt
The rats were acclimatized for 9 days, receiving water ad libitum and normoprotein-caloric Presence Nestlé ® chow (nutritional composition presented in Table I ) in sufficient quantity to keep the animals in the eutrophic state. After, the animals were randomly assigned into 2 treatment groups and kept for 14 weeks, as 1 -control group (n = 8): no experimental intervention (receiving 0.40 Madi and Campos (1975) . At the end of the experiment the rats were sacrificed by decapitation, using a guillotine specific for rodents.
mEasurEmEnts of chow and watEr intakE
Chow daily intake was measured by the difference between the initial amount of chow supplied and the amount at the end of the period, every 24 hour. The leftovers were not reused. Analytical scales (Marte ® , Brazil, with a minimum precision of 0.02 g and maximum load of 500.00 g) were used to weight the chow. Water was offered ad libitum to all the experimental groups and its consumption was assessed biweekly using a 100.00 mL beaker (Satelit ® , Brazil).
Body mass indEx (BMI) for rats and wEighting of organs/tissuE
The BMI-specific for rats was obtained and interpreted according to Novelli et al. (2007) Recognition memory was assessed using the Object Recognition Test conducted according to Bevins and Besheer (2006) and De Lima et al. (2007) . Animals were trained in novel object recognition on two occasions: time 1 (after 4 weeks of undernourishment) and time 2 (at the end of the experiment, after 14 weeks of undernourishment) to compare the recognition memory between the control and the undernourished groups. On the first occasion (habituation session), the rats were given one a 5-min training trial in which they were exposed to two identical objects (A1 and A2) in the training arena (an open field (45 × 40 × 60 cm) made of Medium-Density Fiberboard). Before the training period, the rats underwent a trial test of the short-term memory (90 min after the habituation session), during which the rats were allowed to explore the open field for 5 min in the presence of two objects: the familiar object A (familiar) and a novel object B (unfamiliar). These were placed in the same locations as during the training session. The next day, 24 hours of after the training session, the animals were allowed to explore two objects for 5 min: object B (familiar) and a third novel object, object C (unfamiliar). For the purposes of the test, all objects had similar textures, colors, and sizes, but distinctive shapes. The test premise is that the rats should spend more time exploring the new (unfamiliar) object than the familiar object. Object exploration was measured using two stopwatches to record the time spent exploring the objects during the experimental sessions and exploration was defined as: sniffing or touching the object with the nose. A "recognition index" was calculated as expressed by equation TB/(TA+TB), being: TA=time spent exploring the familiar object and TB=time spent exploring the novel object. Blood samples for the Comet Assay were collected in the morning and on four occasions: time 0 (at the beginning of the treatment), time 1 (after 4 weeks of treatment), time 2 (after 9 weeks of treatment) and time 3 (at the end of treatment, after 14 weeks).
The peripheral blood samples were collected from animals' tails, except at the end of treatment (blood collected from jugular vein). To prepare the Comet Assay slides, in each collection, 15.00 μL of blood were mixed with 4.00 μL of heparin. For cell suspensions of hippocampus samples, the encephalon was removed immediately after sacrifice and sectioned at the junction between the bulb and spinal cord. Subsequently, the encephalon was transferred to a Petri dish on ice to extract the hippocampus. The hippocampus was identified with the coordinates described by Paxinos and Watson (2005) , using a rat brain slicer matrix to differentiate the areas of the encephalon (Bonther ® , Brazil). The slices obtained were dissected with the aid of a 14 Gauge needle to remove the hippocampal tissue and stored in microtubes containing phosphate buffered saline (PBS) with 10% dimethyl sulfoxide (DMSO), where the tissue was dissociated and 60.00 μL were intended for the Comet Assay. In order to prevent DNA damage induced by ultraviolet radiation, all procedures were performed under dim yellow light.
thE comEt assay
The Comet Assay of blood and hippocampus cells was performed according to Tice et al. (2000) and Franke et al. (2006) . Slides pre-coated with agarose were used. Five microliters of blood were added to 95.00 μL of low melting point agarose (LMP) (0.75%) or 20.00 μL of hippocampal cell suspension was added to 80.00 μL of LMP.
The mixture composed of agarose and cells was dropped onto the slides and then coverslips were placed over the agarose/cells. After the mixture solidified, the coverslips were removed and the slides were immersed in a freshly lysis solution containing high salt and detergent concentrations during 1-2 days under refrigeration, order to lyse the cells, removing the nuclear membrane and the cytoplasmic contents. Composition of the lysis solution: 2.50 M NaCl, 100.00 mM EDTA, 10.00 mM Tris, pH 10.20, with freshly added 1% Triton X-100 and 10% DMSO. Subsequently, the microscope slides were placed in a pH buffer alkaline solution for DNA unwinding and to express the alkali-labile sites as single strand breaks. Composition of the alkaline solution: 300.00 mM NaOH, 1.00 mM EDTA, pH > 13. Then the slides were immediately submitted to electrophoresis to induce the migration of DNA fragments. After, the slides were washed with neutralization buffer (0.40M Tris, pH 7.5), fixed and silver-stained.
For each rat/tissue, 2 slides were prepared and 100 cells were randomly selected and analyzed (50 per slide, 2 slides per rat) under an optical microscope (200X magnification). The DNA migration damage was classified into five classes, from class 0 (no DNA migration) to class 4 (maximal DNA migration) taking into consideration the tail size and intensity. The damage index (DI) was obtained from the sum of the individual nucleoids analyzed, ranging from 0 (no DNA damage: 100 x 0 cells) to 400 (maximum DNA damage: 100 x 4 cells). The damage frequency (DF), in percentage terms (%), was calculated by the ratio of the number of damaged cells among the 100 cells observed during the analysis. Nucleoids with non-detectable nuclei (head and tail clearly separated) were not evaluated (Da Silva et al. 2000) .
statistical analysis
Data was analyzed with the aid of GraphPad Prism 5.01 software (GraphPad Software, Inc.; San Diego, CA). All results were checked for normality and homoscedasticity. 2-way ANOVA followed by Sidak´s multiple comparison test was used. The Student t test and Pearson's correlation analysis was also used. The significance level was set at p<0.05.
RESULTS
In the study, the overall mortality was 15% (3 animals). The undernourished group had 25% mortality and no deaths occurred in control group. The undernourished animals and control group gained, respectively, 152.11±5.57 and 397.31±19.97 g of bodyweight during the treatment (14 weeks (Figure 1) . The comparison of the organ weight and peritoneal fat weight between the undernourished and control rats is presented in Table II . Substantial weight reduction was observed for all the organs and tissue assessed (p<0.001). The peritoneal fat weight was 34 times greater in the control group than in the undernourished animals. The encephalon was the organ that presented the lowest reduction (although significant, at 11.50%).
The results obtained from the Recognition Object Test demonstrated a higher recognition rate in the short-term memory for the undernourished group compared with the control group only after the fourth week of CR (p<0.05; Figure 2a) . No statistically significant results were found in the short-term memory for the undernourished group compared with the control group at the fourteenth week of CR (p=0.721; Figure 2b ). In the long-term memory (Figure 2c, d ) the undernourished group showed higher recognition rate compared to the control group both at the fourth week (p<0.001) and at the fourteenth week of CR (p<0.01).
The level of DNA damage in the blood was significantly lower in the ninth and fourteenth
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weeks (p<0.01) in the undernourished animals, both in the damage index and the damage frequency (Figure 3a, b) . In relation to DNA damage in the hippocampus, evaluated at the fourteenth week, the undernourished group presented higher levels of damage (2-fold higher), both in the damage index (p<0.01) and in the damage frequency (p<0.01) (Figure 3c, d) . In the bars, significative diference is highlighted by "*". Figure 3 -Level of DNA damage index in the blood and hippocampus of rats submitted to caloric restriction for 14 weeks. The graphs (a) and (b) present the evolution of the DNA damage index in blood cells according to the damage index and damage frequency, respectively. The filled circles represent the control group and the unfilled circles the undernourished group. The statistical comparison was performed using the 2-way ANOVA followed by Sidak´s multiple comparison test. ** Statistical difference between groups in the same week (p<0.01).
•Control group and ○Undernourished group. The graphs (c) and (d) present the DNA damage level in hippocampus cells at the end of treatment, represented by the damage index and frequency, respectively p: level of significance according to the Student t test. a.u.: arbitrary unit. In the bars, significate difference is highlighted by "*". 
DISCUSSION
In the present study the mortally rate of animals submitted to CR, by reduction of chow availability, was 25%. This mortality rate was lower than that observed in a study performed with younger animals using limited lactation (Nunes et al. 2002) , in which the mortally rate was of 30%. In our study, the CR was sufficient to cause undernourishment as defined in accordance with Madi and Campos (1975) , who used 4.00 to 6.00 g of chow/day per rat in the undernourished group. In our study we used a similar CR regime, a value between 75 at 80% of intake of the control group, corresponding to a mean of 0.07 g of chow/g of bodyweight per day (or approximately 4.00 to 5.00 g of chow/day per rat). The bodyweight gain of the animals in CR was, on average, only 38% of that of the control group. In agreement, another study (Remmers et al. 2008 ) that focused on undernutrition in rats during the postnatal period until six months of age demonstrated that severe CR prejudices normal development. Dietary restriction significantly affects the growth and differentiation of cells and tissues (Selman et al. 2005) . These data are in accordance with our findings that showed reduced weight of the organs in animals subjected to CR. Thinness was demonstrated by a 34-fold reduction in peritoneal fat weight. The encephalon was the organ that lost less weight in relation to the other evaluated organs.
Various regions of the encephalon are affected by undernutrition, for example, the cerebellum and the hippocampal system (Valadares et al. 2010) . We found an increase of 13% in short-term memory and of 10% in long-term memory after 4 weeks and an increase of 20% in long-term memory after 14 weeks in the undernutrition group. We believe that the increased exploration by the animals subjected to CR may be explained by their greater need to seek for food in response to food deprivation, and it would not be advantageous for the animals to continue exploring a place they knew had no food. In the experiment performed by Valadares et al. (2010) that evaluated the recognition memory test, there was an evident difference in recognition between the tested groups, in which undernourished rats showed lower recognition both in the long and short duration test when compared to the control animals. However, the process of undernutrition used was protein-caloric, which may account for the different results found in that study compared to ours.
Although Bevins and Besheer (2006) and De Lima et al. (2007) have stated that the memory test is used to assess recognition memory, the test is recommended as a good marker to assess the exploratory behavior in relation to hunger. Eating behavior is also related to feeling hunger, exploratory behavior, learning and memory. Therefore it is possible to relate the present work with other studies that claim that undernourished rats have greater motivation to obtain food in response to deprivation (Rich et al. 2010, Myskiw and Izquierdo 2012) . This would be explained by the ability of the body to provide the brain with energy in detriment to other organs when necessary, especially in the early stages of life, as in the case of the animals in this study. In view of this, Bass et al. (1970) stated that when nutrients are restricted, the body seeks to adapt by inducing vital organs to maintain normal or close to normal growth, in an attempt to preserve the brain.
Although the reduction of the encephalon was only 10%, this may have contributed to cause cell changes, specifically, increased levels of DNA damage in the hippocampus. In relation to cell damage in this encephalon region, we believe that hippocampal loss did not alter the results from the memory tests because such a loss may have been functionally compensated in other important encephalon areas involved in object recognition (Myskiw and Izquierdo 2012) . Hence, the DNA damage in hippocampal cells seen in the undernourished group cannot be fully explained. However, the clinical form of undernutrition "kwashiorkor" could lead to an imbalance between free radical production and disposal, which would be explained by a decrease in antioxidant defenses, resulting in an uncontrolled production of free radicals that would damage the DNA (Waterlow 1995) .
In relation to the results of DNA damage in blood presented in Figure 3 , there is a very interesting point for discussion: at time 0, the DNA damage variation in the groups possibly was random with both groups presenting high DNA damage (around 40-50% of damaged blood cells). This fact could be at least partially explained by the stress suffered by animals during the transport to our institution where the study was performed as well as to the process of adaptation to the new laboratory conditions suffered by animals. Another explanation for this variation in the DNA damage could be related to the food intake adaptation suffered by these animals. Initially, during the acclimatization period (9 days) the animals received food ad libitum. Then, the animals were randomly assigned into 2 treatment groups and both groups received food intake monitored to maintain the eutrophic state and the undernutrition state according to the control and undernourished group, respectively. In other words, it is very likely that the high DNA damage level could be related to stress caused by the adaptation to the new laboratory conditions summed to the acute effect of caloric restriction implementation, for maintaining the eutrophic state and for maintaining undernutrition state (i.e. the animals did not receive food ad libitum). The level of DNA damage was assessed at time 0 week in relation to time 4 week. In the course of the experiment, both groups adapted to the controlled diet ad to the new environment. Consequently, DNA damage was discernible between groups in later stages.
In their recent study, Celik et al. (2012) found no differences in relation to DNA damage in leukocytes between marasmic undernourished children and a group of children in the eutrophic state. However, the authors claim that CR tends to decrease DNA damage, data in agreement with the results of our study (for DNA damage in blood cells). On the other hand, in the study performed by Cortés et al. (2001) which used weaned animals in the undernourished state, a significant increase in DNA damage was reported, wherein the damage type found could be due to deficiency of many essential nutrients required for the synthesis of proteins that are related to DNA integrity, the repair mechanisms of DNA adducts, and/or due to the unavailability of molecules necessary to protect cells against oxidative damage.
In addition to the biometric parameters evaluated during the course of the study, it was possible to observe clinical signs that were similar to those classically related to undernutrition in "marasmus", including: weight loss, dull eyes, hair loss, severe shaking, diarrhea, hypothermia and weak breathing (Leite et al. 2011) .
Finally, the experiment presented here showed that CR in the proportion and model (rodent) that was tested caused damage at the cellular level and some behavioral changes when assessed using the Object Recognition Test and the Comet Assay. Even so, undernutrition should be discouraged in diets and combatted in situations of extreme poverty. The positive effects found in the memory test are not closely related to the damage found in the DNA of hippocampal cells, because, although this region was damaged, the injury may have been offset by other areas of the encephalon also involved with object recognition and exploration of the spatial environment. The reasons for the excessive genotoxicity in the hippocampus are not fully understood, although the mechanisms affecting the memory in undernutrition are an important aspect which require further investigation. Once PATRÍCIA MOLZ et al. the mechanisms are established, more efficient interventions will be possible.
Our results showed that excessive caloric restriction induced undernutrition and reproduced in the animal model their major metabolic disorders, such as excessive weight loss and changes in growth and in cell/tissue differentiation, leading to death. Undernutrition caused an improvement in recognition memory of the rats that is possibly associated with their exploratory behavior in relation to starvation. However, undernutrition caused damage at the cellular level, reducing DNA damage in blood and increasing in the hippocampus. The study results also contribute to the nutrigenomics because the effects of a lack of nutrients on the genetic material were evaluated. Since these aspects are established, it will be possible to perform more efficient interventions in the nutrigenomics field.
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RESUMO
Este estudo avaliou a memória de reconhecimento e os níveis de danos no DNA (sangue e hipocampo) em ratos Wistar jovens desnutridos. O experimento foi conduzido ao longo de 14 semanas com os animais divididos em grupo controle (GC, n=8) e grupo desnutrido (GD, n=12) 
